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~cla Test Vclsion  of ~odc V to COM P {’ot)vc[ sion Macro  , . . J

Code V is a p(owcrl’u] optical dcsigtl at)d an:llysis  prog[um f[(m~  Op[ica]  Rcsc:ilcli  Associntcs, wickly  used
by optical  cnginccrs  and dcsiglms. Ihc  Cotltlol]cd  Optics Modclling  Packa~gc (CY)MP)  o~)tica] ;Illalysis
~H ogl imi (icvdoixxi  by D. Rcdding  al JJ’1, p,cncl atcs higl) Icsolu[ion ilwrgc  sit l] ula[iolls  Ixscd on nn cflcc!ivc
sot’twarc  approach [O fiiy-[l{icing  and difll:iction  all:dysis.  {’OMP is :tlso  very Ilcxiblc.  Its submutinc  folill
allows  direct integration with othc<r  code to lnodcl  the ol][ics  pcrrlioll  ol conip]cx  systems including
dylmnlic,  II]cllll:ll  a[d olhcr cffec[s. ‘1’ogc(llc[.  (tic, (WW JM op,r :I[ns  forln  :{!) e. ffcct ivc suilc. of o] Nical dcsigll
:INI almlysis  software tools.

!lll[odl]~lioll

(’C)MI’ uscs  arl “ill f i le” 10 dcscribc  all o~]licai  sys(cl[I. Ttiis f i l e  c[il)  bc gctic.ra(cd ill Cl)M1’ or
indcpcrldcnt]y  using  a tcxl  cdilot. Cok V slorcs Il)c oplical syslcm dcscrip[ion  in o “.lcn file” gcncr:l(cd  in
(’ode V. Wtlcll  using bollI ])l-OgI:III)S  for n p:II (icular al)}) liculion. I found it ItxluIIdmIl  [0 wri(c botlI a “.lcn
file” for C(XIC V and an “in file” for C’OMf’ sillcc  [Iic illforlll:l~iol) wi[hill  IIIC files Ilre csscn[ially  the salnc -
it W:M primnrily  tl[c format ttmt di(fcrcd. Moreover. 1 foul]d  that nwst  subject o~)tical systeins  wcm eitlm
already in Code V, OF 1 siln])ly  prcfcmd  ~!cnm; lting ol)[ical  sys[c]ns  in Code V rxtticr  tl)nn CT)MP.
?’llcrcforc,  1 wlotc  a Ccxlc  V macm tlmt auton):ltica]ly  CO1)VC1  [s Code V o])tical  prcscril)tiorts  to CC) M}’
folmat. I’llis  saved time. If 1 had (hc O])[icol sys[cln  ill Code V il was c:tsy 10 usc IIK lII:KHO to gct]cl:ltc  0
St:l[ling  poiilt  for COMl’.  lf the Ol)tictd  pr’cscri~)tion was 1)01 in ~OdC  V 1 stiil  found it f:lstcr  to bui]d lilt
o]]t ical systcnl  in Code V. verify its pcrforltlnncc.  Hnd colivci  [ tllc design to CX)Mf ’ fol (II using tllc rnaclo.
Alttlou~h still  ul](lcr  (Icvclopnlcnt,  !IIC rmcro is qui(c useful for mos[ optical sys[cn~s. ‘1’hc cllicf aim of this
r])c.ll)or:~l)(l~)t])  is to p,c))cralc additional convcI-sioIl  macI() cxlmsurc 10 illcrcasc  Code V/C’OMl’  user
productively and facilitate continu:il  rcfirlc[ncnt  of (I)c n~;lclo  via distributiotl ond fccdlmck.

~4~!glo l)cscrilJtio]l

‘1’lw n]acro  gcl]cratc,s  a Im..-klmnc (20MP inl)ut file fot hsic rcflcctivc  / rc!ractivc  q)tical  Systcllls.  “1’tlc
c(Hl\’crsiO1)  lll[lc10 (!]illlil]~ltcs  tllc tdiolls [ilSk of W] ltlll~ OU( ~td)il] VcI’tL~x  ])ositio[)s  ;Ind il]vcl Sc sl!rf;~cc
n(M ItIal dilcctimls  to 10 significant figulcs for cacll optic:)l  :yslcln  surf:m. (SUI focc a~)cI turc definitions
:Ilc not cul-rcnlly  convcrlcd,  hut since IIlcir locatiol)s  :I]c slw]l ]cd. tllc l:lsk  is simplified. )

l’llis mncro is cur[cntly in a “beta tcstillg” s[apc. which nwatls that il works for the cases tcs(cd  so fw. ‘1’hc
clllil”c Iwicro  is included in this rcporl in atlachnlcnt  1, It curicl)tly  wolks  for basic rcflcc[ivc  filI(l rcfmctivc
op[ical sys(cms.  A Code V :1o[MI coorctina(c  surfncc-to-  surface raytracc rnacm (alt;~chmcnt  2), and a
surface posilion / olicntation  rll:lcm  (at(achnlcnt  3) arc 21S0 inc]udcd  in this report. l’hcsc macros allow
dilc.cl comp;uison  bclwcc[t  Code V and C’C)M}> r:(ytrmcs  ;iltd  ]u’cscri[)tions  to verify th:lt  [Ilcy ng[cc.



To llSC (k macro:
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star’{ Ckxic v
Rcslorc or gcncrac  [he subject opticn] systcli)
~’ypc: ‘(ill conlp_.convcrl”
Allswcr  the macro  plornpfs
3’I)c  b:iCkb(mc CX)MP .in filc is g,enCriitcd  as “corl~~)filc.tlll(  .(vclsiorl  //)”

2) !1! CQMP:

Refer to the “~onhollcci  Oj)[ies  Modclling  Puckmgc  lJscI- hlnnU:Il”l fol qucs(ions  lcgfi[ding  Cohif’.

a) l;O1  gcmnctric  mmlysis
9

.

.

.

.
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Rclmnc  “col~~~)filc.ou[.(vclsioll  #)” gcxlcra[cxi  by tlIc  Code V n)aclo  to the form “filcnanmiil”  used by
CUM!’.  You can then usc a Icx( editor 10 mmiify [tic ill file m rcquimi,
Collect  or rcrnovc  any confliclit]g  sulf;wcs.2
Acid ally apcr[utc. definitions (o [I]c .in file. 3 Set obs (o I in ~OMP to sc.c :l])crllllc/oi> scur:itic)ll  cffccls.
l:or oT-_.~xIs fickl  aIIglcs  you nlus[ do tlIc  following:

i) l;or  :111 a~]cr(urc  slop (ic.filmi by a unique sul Llcc.

‘ (’h;lngc ttlc Slop SU1’f~lCC ~ltl’ypc to l;.it”]’yIK = 9 (OIMCU1 il~g Sulfacc)  an(i Cicscribc I]K slop M shown
in rci’clcllcc  3.

ii) l;or w) apcrlurc slop dclincd  by an o\)(ic;ll  clc.al  :q)cllul c

. Add a Imw. sclma[c obscuring SLII I:ICC.  (I;l[’1’ypc = 9) infiuitcshal]y  alwid  of (k linlilil]g  CICW
apcrlurc surface. with Ihc salnc shpc (fi L1l. ci;<ll. clc. ) :}s tl)c o])ticnl clcl[wnt. Ikfinc lttc  :Ilxv (UIC  of
IIIC ncw suIfacc as dcscribcd  in lc.fc.rcncc 3. lncl-cnici~i nl~lI  as rcquilcd.

In boll) cases, inclc:m tlic “Aj]cr[urc”  p;!rw!~clcl in IIIC .il~ fllc  10 [icfinc  ill) ovcrsi~cd glid of lays so lltal
Il]c  s[oIJ,  nol (lw ray bundle, Iinli[s  off-mis throughlwt.

1 md [I)c .in fiic and m) gconlctricai  ray(rilccs  :IIKI s~mt dia~,ims to VCI ify the model fidcli(y.

.
1]) J ‘or diffraction mml ysis

. Once the gc(mlclric  model is vcrific(i  you can pl occcd 10 Ilwsc Slc])s.
● lro] difll;r(iotl  nnnlysis,  you mus(  add (WO (2) rc.tul n SUIfaC(W  before tk  i]liilgc  pl:IIIC, :Ind inclcn~ctlt  )]lil[

by [wo (2). III most cases. fits(  rehrn surfitcc  shouki coillcidc  with the im:tgc pl:m,  mi the second
ICIUHI surfncc  shouki  bc ilcw [hc exit  pupil. Sc.c rcfclctwc  4 for mole  dclai]s.

● l;ix the cxi[ pupil using (Iic FfiX 5 al)(i 01<s Conllnnnds.
● Run (’OM[’ ami Ioa(i tl)c ncw .in file.
●  [Jsc [hc “p[opaga(c”  and “intcnsi(y”  COMP futlclions  to cl]cck difflaclion  mo(iclling.
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Alwrys  check t hc C’OMP  .in file to verify it corlcctl  y models the opiical  sysmm.
LJSC (he Code V ray[~acc macro to compm C’odc V cllicf and marginal raytraccs  with ~OMP
raytraccs,  Cicomctric  spo[ diagmms  arc also a quick way 10 compare results.

Look out for con~nIorI ~OMt’ rmors such as non-sequential surfficcs.
Olm  the ncw .in file traces rays properly, [hc user nlay lnodify  syslcm  parameters (such as nuinber  of
grici points. e(c.) as required for the particuiat  app]icotion.
l’hc mmo will not conver(  ccrlain  surface Iypcs (for cxampk,  > 10th order asphcrcs,  di ffi-act  ivc.
Iol-oida],  non-sequential and scgmcn[cd  apcl (urc t ypc surfaces). An error nlcssagc  flags [kc surfaces.

The conversion macm  should incorpora[c  these sm face t ypcs in frr(urc versions.
Read [IIC macro comlncnfs  for more infontlalion.

L’Q!I!!LJSM1

‘1’hc conversion nlacro was written to facilitate. ~OMP rrsagc ulldcr scvc]a]  pr’ojcm. Wi[lmut  dcdicatcd
funding to wri[c [k macro, it was wrh(cn  with a miniln;ilist  approach - to aceon]plish  ttlc task a[ haII(i  and
no nm c. ‘1’lIus, there arc many fca(rrm  I woulci s[ill  Iikc to a(i(i  to tlIc nmcro. USCIs arc encouraged to sclld

* :IIIy useful n~odificati(m.s  CII a(idi[ions  to (Ilc nEICIO to (hc author of this report. I can serve as a central point
of contact  for information, suggestions all(l uIIgradcs. Llscrs  alc wclcorI)c  to contact me regarding the
macro (not COMP) at:

mail: }Iiroshi Kadogawa
Jet Propulsion Laboratory
MS 306-388
4800 Oak Grove Drive
hsa(icna,  CA 91109

c-thail: l]ir@ow\scl  v.j]Jl.tJ:lsa.g(lv
pllonc: (818) 354-70’)3
fax: (818)393-9471

~ef~lcnces

1. Rcdciing. I)., ct. al., Gn[rollcd Op[ics Mtxlclling  l’ackay,c USC] MaIIual,  Rclcasc 1,0, 1 lunc 1992, JPL
intcrlmi  (iocumc.nt,  J}’}, D-9816.

2. II)i(i, p. 60.

3. ]bi(i,  p. 34-37,124-128.

.4. lbi{i,  p. 71-84.

5. . II]id, p. 68.



Cock V to COM1’ Gmvmi(m  Ma(m)
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1 y~’c “ irl CCWIP. cor,vcx t “ wlthi rl Code V.

FOR : g] ohal $ut- face r,umfmr
TOOK, pos i t i or,
fielcl pos, tiork
waveler)gth  ],osit  ior,

ccm,l>file.  out.  (vcrsior,  #)



!ctle,:Livc fldt:
reflective surfaces ir,cludjng cor, ics
Jefx active sulfacc:c ir,cludir,g ,cc, r,lcs
I efex er, ce sur faces.
focal plar, e
10th order (O term) aspk,er]c ccwfficier,t:,.
Art erxol rnc, ssage irtdicz, tes that hig]!er c,rder cc, efficicrjts  (if ar, y)
mu?t k,e aciclcd.

Y-toxoid sur faces mc,clel  led as ar, as} Ihc Ie.

}liloshi  Kadogawa
JeL Plc, ftlls ior, Lai,o]ato~y
Pasadcr,  a, CA
c-mail : hiro@osasax-v. jpl .nasa. gov

! + . . +..+...,. .. ~.....+,+..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

! VA f(l A}:l, f [11’ C1, AI.: A1, IONS
,
:Ilk. ye:,
ICI ~t?
lc1 sLr
ICI Stl

~; :;;

ICl Stl
] C] tllll[,
1 c1 r>tm,
1 cl 1,111((
1 cl rltll[c
ICl t>[lli,
1 c1 [lull,
1 c1 r~ttm
lc1 r,um
] Cl [Ltlll,
1 c1 rlufi,
1 cl r,um
1 c1 1,[11[>
1 c1 11(1!58
ICl r,u!t(



‘1.chief =. (1 rl so wAwave. pos g-glot,al  .sur f“field.pos  C- T, OOm. IJOS)
‘If,. chief . . (m t 1 so ~, ’wave. I.,OS g-g] obal sur f “f ield. pc, s, SAzoo[i,.po:l
“r,.chief == (r, r] so w’wave_pOs  g-global  .SLII f“field. pos 2Azo01rl_ I,CS)

,

‘x-s] ,, (x 11 SI w“t.Mve_pc7s g’global. SU[ f’ fielcl_pos z“zocm.pos)
‘Y.s] == (Y r] S1 w“w~vc. Pcw g“glot,al–sur f “ fi e] d. pc:: z-zoom.  po?)
“Z. $1 ‘, (7. 1 1 ?1 WA WaVe_~,  OS g-gl,:,  hal. :u[ C“fie]ci_pos z, z,o~r,, ],,:,s)
,
I F’(OR ‘ IN FIN I1,E’ CCINJUGAIE  (de firi.xl as Iot, jcct cli:tar, cc.1 >= le7 ur,~ts)

if (allst( (Lhi so z“?oom. pos)) >= (1.000c7) )

1

!.
‘w., velet,C, Lh =. (wI Lr

‘;! C’. I3C”
‘:! C’.13 Q’”



4Li Q Ior[citst.]:<  ‘Ol)sculatjc,l,
41 i QAfolm:, Ll 4 “r, gr idl, t s
titi Q- f0rmat_15 1 0 0
~ri Q’format16  O 1 0
v.,1 i Q’fot mat] 7 (nLmL S]

, !
!-f0rl[18t] ..m,3d, ‘2e.13c, ,2e.13e, ,2c’.]3e, ,2C.13C! ‘:! C. I?C’ ‘2 C.13C,’
“f@~n,at18 ..” iilt= ‘3d’”
“fo11(!at19 . . . FltlJamc: surf. ‘d’ “
‘f0rlllat20 :=” F1 Llyp< . ‘3cl’”
“format?]  z.’ f~lt= ‘2e.13c, .
“fOx Ir5?lt22  =.’ c’Elt  . $2, e.13e,  .
“fozlrmt2?a  .: “ A$~,liCocf. ‘2c. .13e I 12e. :13e, 12e.13e#  ,2e.13e,  P
“folmat23  ..” psi~lt. ‘2e.13c, ,2e.13.2, ‘2e.13e, .
“foI!18at24  ==” VL’LFIL=  ‘2 C’. l3e’ ,2e.13~, ,2e, ~?, c,l.
“fo>m21t25 =.” R1,t F’lt. ‘2e.13e’ ,2e. ]3p ,~e,13e~.
‘fomat26  .= - Ir]dRef = ‘2e.13e’”
‘folmat27 ..” Ewtir,c=  ,2e.13e, -

‘f@lmaL28 =. “ 2Elt. ‘2e.13e’”
‘folmat  ?9 == “ F’to~)lylc’. ,l~,.

“f01111at30  ==” r, I<c’oc’1  d. ‘2CI’”

f@ I ‘s 1 (r~tm, s}

if (Irucl s-s 2’ 2(,0[ [,. !IC>S,) = , Rl,’t,l,  ,
if (tyJ, Sur s-s). ,s111,

if (’a. flat. sur t)



I CA1 CLI1 ;,16, Tout



}:d[. !si 1 ! d]sl,lacc  irndgc  plane to talc. x-d II

‘firm-x  .: (xsc si g“glot]al. su~ Z“ZOOII. POS)
‘f]nal. y =. tysc si g-global. su~ z“zoe,n_pos)
‘Cir,  t. 1.: =: (7$C si g“gl Ot,al. sLlr z“zoo]n. pos)

\ Calculate dircwt ior, cc, sir, es for image plane x-axis
“Isc. x =. ‘fir, al.. x - ‘ir, itial_x ! global l-d] ~ccsir,e
“rr,  sc. x . . ‘firial_y  - “ilLitidl. y ! glot,dl nt-dilcc,sirbc
“ll SC. x .= “final. z - “initia].  z ! yloha]  n-di]cosir, e
,

KC?CC si O ! Yc, ir, itialize x-decc’r,Ler
I
! Evaluate image plane y vec Lor-
,
yde si 1 ! dis~place  image p] UrLe to talc. y-di]
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I d y t - z a c e . s e e ] Code V [11:, CI @

Wzites glot, al cooz-dinate lay tlace
to 10 siyr, ificar,  t figures.

Usaqc : in Iaytrace
PI cwI,ts for : Code V ray r,un, t,cl

global surface numk, e]
200DL posi tier,
field position
wavelength posi t ion

Hi] oshi ?Qdqawa
Jet Propu] sion laholato~  y
‘Pasaclcr,  a, CA
e-mail: hi~o@osaserv.  jpl .r,asa .gov

7/29/93
! *...+**.*..*.+ 4  * . . * . , * , . . * . .  .  *.,,.*+,.*,*.  . *, ., . +.*.,*... . . . . . . .

! VAR1 ARI,F DFX’I ARA’I’IC)NS

21,!?  ye?, ! er,fol ce expl ici t dec] ayat i or,
lcl stl “exr, “format]
1 C’1 r,llr[, ‘ldif. ni]m “glol,  al. sur “zocm. L,OS. “f icld. pos ‘wcIvc_I,  c,s ‘s
ICl r,llr,, ‘ iTLdCX  ‘X. J,05, “y_], O? -x.~)os .1- “d] ~rr,_”al ~r,.”al  !
! MAIN F’FL[WRAM, read in I equi I cd data
.ul i””
r., r i “l,l~i  c p~ogr am per fox-ins a glol, a] c003i7, ate, systm raytrac. e.
~~i -to 10 s$icgr, ificar,  t figul es, “
.ur i”’
.dr i “F’rlLer Ccxlc V ray ntln,hcr “
r c, a ‘1 dy. llLII1,

Y?”m

dt I “’rttt er glc>t,  al sur face rkur, Ll, er .
rea “glct,al.  sur
dri””
.41 1 “ErlLC1 200111 posi tier, -
1 ea ‘-200[ [,.. ~>o:<
.4r i--
41i”Frltct  fielcl po?it ien.
r c’., “fielcLI,os
-,;i’.
..JI i “Rr, tel Code V wdvcler,  gLh posi  t icrj”
r e:, “Wdv  c,.  pos
.dr i””

stlow  U$cr  Othc:-  data

w] i Q- C.>dc V din,er,  sior~ i s INC}[I:.S  “
er, d i f

41i-m
~li Q- I,c’r!s Litl,n:  ‘40c’P  (tjt)
.4r i””
tiri Q., llc, ,8 C,” (d~t) (L>n, )
*,1 i..
( as. s,iqr,  Outi, L\t values,

f 01,,,:, L cn,t~)t]t

N! 1 Q“SIIT face.
+., r i Q .r,umhc* x Y 7
d:im -

1 m n ”

‘2<, .13Q, ,2c.13e, ‘2e.13c” ‘? C.13L?’ ,2c!.13e, ,>c.l:<e,.

AJ!achn)cnQ

Code V (ilobal Coordinate Systcm  Raytrace Macro



vet .311 no
. . . . . . . . . . . . . . . . . ..+......  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
!“ glol,al_sl]rf.  scq - code v macl 0
!+
!* W! it-es global sL]rface coordinates with highe! plecisior,

! ● L), an tt, c’ .gsc Ccmm!ar, d.
I*
!. TJ~:~gc): iri g] ohal. surf
! ‘ PI cm~ts for : global sul face rbumt,er
!.

. 7.0010 POSi tie!,
!+
! “ Hi xoshi Kaclogdwa
! . Jet Pro~,ul  si or, Laboratory
! ● Pasadc:r,a,  CA
!’ e-mdil: hiro@Osaselv. jpl .r, asa. gov
!.
!. 7/29/93
!.*+.***+*..*.** . *+*..*+*..***..  ..+. +., ’A..*+***. . . . . . . . . . . . .

! VARIABI, E DECI, P. RA?1ONS
,
:Ilk yes ! c~, forcc exl,licit  declaration,
lC1 s.tt “Cxp “fclllr,atl
] Cl IILlmI  “ S ‘glo],al.  SUI- “zocm.  pos
]Cl  rLUXl  “X.  SU? ‘ y .  S[i7 ‘~..  SLII “].  S\)r  ‘Ill.  sL]l  ‘r,  -  sul

I

! M A I N  PRCGRAM

..JI1. m
dI I ‘1’lIis proglaut  provides global sur f.ace, coordiriate  system-
til i “1., o?. it ior,:, a), d di]-ect  i or, CO$, Ir, C?,-
Jli-to  10 sigr, ificar~L  figu>cs. . .
till””
..JI i “Kr,tcr global sur face r,Lln,t,cl  “
1 ccl ‘Cl lollal. ?U1

t!!da!!~lc!ltl

Code V Global  Surface Coordinate Macro


